As the obesity epidemic has been spreading rapidly across the Americas, national governments and regional and international organizations have called for action from the whole of society ([@B1]--[@B4]). To answer these calls, jurisdictions are seeking comprehensive investment cases that would articulate the benefits and costs of an intervention strategy across various economic actors and the factors that could affect its implementation. For example, the United Nations Interagency Task Force on the Prevention and Control of Noncommunicable Diseases has been working with countries around the globe to prepare investment cases for prevention and control of noncommunicable diseases (NCDs) and their risk factors ([@B5]).

An investment case presents reasoning for an action and includes a strategy to achieve a stated objective. Drawing from recent efforts to formulate investment cases ([@B5]--[@B7]), we find that a public health investment case generally includes six steps: 1) describing the problem within a given country, including determinants and risk factors and public health and economic impacts; 2) identifying effective, feasible, and locally relevant interventions for analysis; 3) providing analysis of the costs versus benefits of intervening, and identifying synergies among interventions; 4) building a package of interventions based on the second and third steps as well as other criteria such as distributional consequences and acceptability among stakeholders; 5) identifying the funding requirements and finding resources; and 6) developing a detailed plan for implementation and evaluation of results. Figure 1 summarizes this process.

The objective of this paper is to discuss how various economic methods for valuing costs and benefits can be applied to obesity-targeted interventions (the third step listed above). The paper also summarizes major evidence towards the development of an investment case for obesity prevention and control in line with the third and fourth steps. In addition, research gaps in methods and evidence are underscored, and ways forward are proposed.

It should be noted that this paper is not a systematic literature review, but rather a scoping review of methodologies and the evidence supporting them.

![Process to develop an investment case for obesity action](rpsp-42-e62-g001){#f1}

METHODS OF ECONOMIC EVALUATION OF INTERVENTIONS
===============================================

Social cost-benefit analysis as a conceptual framework
------------------------------------------------------

Economic analyses can assess whether a policy response is required from the efficiency perspective. For example, the analyses can identify market failures in efficient resource allocation, as well as whether such failures are amenable to intervention ([@B8]). Further, economic evaluation, both prospective and experiential, can inform on a range of interventions. Note that in this paper we refer to an economic evaluation as either a prospective or retrospective "comparative analysis of alternative courses of action in terms of both their costs and consequences" ([@B9]).

A social cost-benefit analysis (SCBA) is a general economic framework used to examine which interventions, or intervention package, bring the highest socioeconomic return. Under SCBA, social welfare (well-being) is some measure of the well-being of all individuals in the economy. As individuals maximize their own overall well-being, rather than health alone, SCBA takes a broad perspective, under which societal health-related goals are balanced with that of the consumption of goods and services, including food, beverages, and physical activity.

In the most comprehensive case of SCBA, costs and benefits are presented in monetary units, allowing various benefits to be added together and compared with costs associated with the intervention(s). Also, using common currency allows analyses of benefits to various economic actors, including central ministries and nonhealth stakeholders. Lifetime costs and benefits are usually discounted to a base year, to assess the present value of total multiyear benefits and costs. An intervention to address obesity is desirable from a society\'s viewpoint if the present value of total benefits outweighs that of the intervention costs ([@B9]).

Health benefits can be described as: 1) a direct contribution to well-being (intrinsic value of health); 2) greater productivity; 3) greater longevity; and 4) greater engagement in society, including volunteering ([@B10]). A range of methods to value health or life can be employed, including a value of statistical life (VSL) approach under either a revealed preference or a contingent valuation (willingness to pay) method. In principle, a VSL approach measures all four of those health benefits.

Costs of an intervention include implementation costs, but also economic losses attributable to an intervention (such as financial losses to a food industry or job layoffs due to a labeling regulation or due to a tax). Also, resources saved in health care, enhanced productivity, etc., that are attributed to the intervention are subtracted from costs ([@B9]).

As a gold standard of economic evaluation, a comprehensive SCBA has high information requirements that may not be achievable in each practical application. Particularly, the search for methods to value benefits of improved health is ongoing, underscoring the difficulties of this task ([@B11]). The value of health cannot be directly assessed from market prices, and likely is best derived from a combination of an assessment of individual preferences and professional opinion ([@B9], [@B10]). When valuation information is incomplete or estimates vary widely, sensitivity analysis can assess the robustness of the SCBA.

Applications of social cost-benefit analysis
--------------------------------------------

Based on a general SCBA framework, various applications and protocols have been developed, such as cost-utility analysis (CUA), cost-effectiveness analysis (CEA), and social return on investment (SROI) ([@B9], [@B12], [@B13]) ([Table 1](#t1){ref-type="table"}). These represent versions of an SCBA that forgo comprehensiveness for tractability, standardization, or verifiability. However, by simplifying, such applications can introduce bias or ignore broad impacts.

###### Characteristics of methods to inform an investment case for obesity prevention and control

  Method                                     Main objective                                                                                                                                                                                                                    Intervention costs                                              Intervention benefits                                     Formulation of analysis results                                                                                                                           Strengths                                                                                                                                                                                                             Weaknesses
  ------------------------------------------ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Social cost-benefit analysis (SCBA)        To assess if an intervention is worth the investment.                                                                                                                                                                             C~1~[a](#TFN1){ref-type="table-fn"}                             W~1~[b](#TFN2){ref-type="table-fn"}                       If W~1~+S[c](#TFN3){ref-type="table-fn"}- C~1~ \> 1, the intervention is worth the investment.                                                            Can account for multisectoral benefits and broader benefits in general resulting from the intervention; decision to invest is based on an objective score; can inform resource allocation beyond the health sector.   No standard/accepted approach for valuing intervention benefits.
  Cost-effectiveness analysis (CEA)          To compare costs vs. benefits of an intervention with the costs vs. benefits of the status quo or another intervention; interventions are compared within the health sector, as benefits have to be measured in the same units.   C~2~[d](#TFN4){ref-type="table-fn"}                             E[e](#TFN5){ref-type="table-fn"}                          If (C~2~-S)/E \> acceptable threshold (budget constraint) (e.g., US\$ 50 000/year of life saved), then the intervention is better than the alternative.   Intervention benefits are easy to obtain and are readily quantifiable.                                                                                                                                                Cannot account for multisectoral intervention benefits; uses a subjective ratio for decision-making; cannot account for benefit spillovers.
  Cost-utility analysis (CUA)                Same objective as for CEA.                                                                                                                                                                                                        C~2~                                                            U[f](#TFN6){ref-type="table-fn"}                          If (C~2~-S)/U \> acceptable threshold (budget constraint) (e.g., US\$ 50 000/QALY), then the intervention is better than the alternative.                 Intervention benefits are relatively easy to obtain.                                                                                                                                                                  Same as CEA.
  Social return on investment (SROI)         Same objective as for SCBA; also to show the value of investments to stakeholders.                                                                                                                                                C~1~                                                            W~2~[g](#TFN7){ref-type="table-fn"}                       If W~2~/ C~1~ \> 1, the intervention is worth investing in.                                                                                               Same strengths as for SCBA.                                                                                                                                                                                           The SROI approach to public health interventions is not well established. There is no standard approach to value benefits; multiple data sources are required to increase trustworthiness of intervention benefit estimates; benefit attribution effect is likely subjective; financial proxies are not verified.
  Sector and macroeconomic impact analyses   Estimate the impact of an intervention on sectors and economy.                                                                                                                                                                    Costs incurred by the sector as a result of the intervention.   Benefits to the sector as a result of the intervention.   NA[h](#TFN8){ref-type="table-fn"}                                                                                                                         Can inform on multisectoral intervention benefits in SCBA.                                                                                                                                                            NA
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C~1~ = broad costs, including intervention cost to health and other sectors, and other costs associated with the intervention, e.g., cost to informal caregivers; costs are expressed in monetary units.

W~1~ = valued health and other benefits from the intervention; benefits are expressed in monetary units.

S = savings in health and other sectors resulting from the intervention; savings are expressed in monetary units.

C~2~ = narrow costs, usually only intervention cost; costs are expressed in monetary units.

E = health outcomes resulting from the intervention, e.g., years of life saved or changes in body mass index (BMI).

U = quality-adjusted life years (QALYs) or disability-adjusted life years (DALYs) or other health outcomes that combine quantity and quality of life gained or saved as a result of the intervention.

W~2~ = monetized health and nonhealth outcomes (social, economic, and environmental) of the intervention; outcomes are monetized using financial proxies and stakeholder\'s opinion.

NA = not applicable.

**Cost-effectiveness and cost-utility analyses.** CEAs/CUAs of obesity prevention and management interventions dominate the field. They allow the comparison of costs and benefits of an intervention with that of a status quo or of a different intervention. In a health-related CEA, benefits are often measured in life years saved or changes in body mass index (BMI). In a CUA, quality-adjusted life years (QALYs) or disability-adjusted life years (DALYs) are used, which compared to a CEA, adds the quality-of-life dimension into the outcome ([@B14]). As CEAs and CUAs evaluate benefits in units of health rather than placing a society\'s value on these units, these analyses only account indirectly for the first and third benefits mentioned above. Also, CUAs and CEAs cannot formally integrate the second and fourth benefits.

In general, CEAs and CUAs work well when a single sector\'s perspective is used and intervention effects are contained within this sector, such as replacing an existing pharmaceutical with a more potent one. Despite their wide usage for in-health-sector analyses, these methods are not commonly used by other sectors (e.g., agriculture, environment, transport), even for decisions related to human health ([@B15]--[@B17]).

Compared to the SCBA, CEA/CUA frameworks can neither account for multisectoral benefits evaluated by different metrics (e.g., dollars, QALYs, days of sick leave, years of education) in a single measure nor directly compare the costs against the benefits of an intervention to determine whether the intervention is worth pursuing. Instead, the decision regarding whether the intervention improves upon the status quo is based on a comparison with a *subjective* threshold of cost-effectiveness (e.g., acceptable number of dollars spent per QALY). The implications of the arbitrary nature and narrow focus of cost-effectiveness thresholds have been discussed elsewhere ([@B9]).

**Social return on investment.** Compared to CEA and CUA, the SROI approach has the capacity to measure broader socioeconomic and environmental benefits of interventions. Benefits to intervention beneficiaries as well as to relevant stakeholders are measured using financial proxies ([@B13]) and are compared to costs of intervening. SROI is much less commonly used for interventions in public health ([@B12]) than are CEA and CUA, and the SROI method for public health is not yet well established. Issues remain regarding whose benefits should be accounted for, the choice of financial proxies to monetize benefits, and the attribution of effects/benefits of the intervention ([@B12]).

Macroeconomic analyses
----------------------

Macroeconomic models, in particular general equilibrium or partial equilibrium models, can assess sectoral and economy-wide costs and benefits resulting from obesity prevention interventions. They are well suited for forecasting the economy-wide or sectoral effects of interventions ([@B18]). Examples of such effects include job losses as a result of a shrinking demand for unhealthy products, impacts on trade and agriculture due to a shift in demand for certain foods, and a healthier workforce.

AVAILABLE EVIDENCE OF COSTS AND BENEFITS
========================================

Evidence of the economic cost of obesity
----------------------------------------

Although economic cost estimates alone are insufficient for developing an investment case for obesity prevention and control, they can describe the size of the pre-intervention impact of obesity as well as the potential savings as a result of intervention strategies. Unfortunately, evidence describing the economic cost of obesity for the Americas is sparse, with the exceptions of Canada and the United States of America ([@B19]). Further, the information is largely limited to impacts on health care expenditures. The most recent systematic review suggests a wide range of estimates of obesity-attributed health care costs in Latin America, from 0.1% to 14% of total health care expenditures, depending on the country and study. For example, this estimate was 3.2% for Brazil in 2013 and 2.1% for Chile in 2014 ([@B20]). For Canada, the most recent estimates are 1.7% ([@B21]) and 2.6% ([@B22]), whereas for the United States, the range is 5% to 10% ([@B23]).

The worldwide available evidence on productivity losses due to premature mortality and sickness absences attributed to obesity indicates that these are at least as high as health care expenditures due to obesity ([@B24]). Few of these estimates are available for the Americas, with the exception of Canada and the United States ([@B25]). Two studies for Mexico estimate productivity losses at 0.11% and 0.42% of gross domestic product (GDP), while a study for Argentina puts the figures at 0.02% of GDP ([@B20]). Other economic effects of obesity, such as impacts on social protection programs, human capital development and education, employment, and nonpaid work, have received only cursory attention ([@B10], [@B26]).

Addressing obesity is a particular challenge for countries that, until recently, have targeted undernutrition. As the epidemiological transition progresses through the Americas, many countries are now experiencing a double burden of malnutrition, where stunting and micronutrient deficiencies take place together with increasing obesity rates ([@B27]). A 2017 study by the Economic Commission for Latin America and the Caribbean (ECLAC) and the World Food Program (WFP) found that in Ecuador and Mexico, respectively, the economic burden of malnutrition (lost productivity, reduced schooling, and elevated health care expenditures) is 4.3% and 2.3% of GDP. In these two countries, the burden of malnutrition is comprised mostly of losses due to stunting, which remain 1.5 to 3 times higher than that due to overnutrition/overweight. In contrast, the ECLAC/WFP study found that, while stunting is considered eradicated in Chile, the country faces a rising economic burden of overnutrition/overweight, representing 0.2% of GDP ([@B28]). Moreover, adverse obesity outcomes may be worsened by associated deficiencies of iron, vitamin B12, vitamin D, and other micronutrients ([@B29], [@B30]), impacting disease progression and health care costs.

Although alarming, the obesity cost estimates presented above do not in themselves guide decisionmakers to an acceptable, feasible, efficient policy response. Further, the cost estimates cannot be directly translated into benefits or resource savings due to obesity interventions, but these estimates can inform assessments of potential savings.

Evidence of cost-utility and cost-effectiveness analyses and of valuations of benefits
--------------------------------------------------------------------------------------

Once the decision to intervene in order to correct market inefficiencies is made ([@B8]), policymakers need a list of interventions to choose from to create a package of measures. Such interventions have to be both effective and provide good value for money (be efficient) in a particular context. As described above, CEAs/CUAs are often used to assess the efficiency of a single intervention compared to an alternative. In general, only health-related benefits are considered, thus the perspective is essentially of a health sector, despite a general recognition that obesity needs to be addressed beyond the health sector. McKinnon et al. ([@B31]) provide the most recent systematic review of CEA/CUA of obesity prevention worldwide, while Lehnert et al. ([@B32]) review evidence for countries of the Organization for Economic Cooperation and Development (OECD). Others have conducted systematic reviews of economic evaluations (mostly CEAs/CUAs) of childhood obesity-related interventions ([@B33]--[@B35]). Interventions included in those reviews ([@B31]--[@B35]) were in the areas of community and built environment, nutrition-related policy/education changes, the school environment, and social marketing and media. Many studies in the reviews found beneficial economic outcomes of interventions. However, while many studies reported in the reviews modeled long-term impacts, most of the experienced-based assessments were from trials or observational studies over a relatively short horizon. Evidence of the long-term impact of interventions remains a research gap.

Countries of Latin America and the Caribbean (LAC) have been planning and piloting population-wide and targeted policy responses to obesity ([@B36], [@B37]). However, rigorous evaluations of effectiveness of those LAC obesity prevention and control measures have been sparse. Emerging evidence includes evaluations of a tax on sugar-sweetened beverages in Mexico ([@B38]), school-based programs in Latin America ([@B39]), obesity treatment interventions for children in Latin America ([@B40]), and physical activity interventions ([@B41]). Given the sparseness of evidence, earlier comprehensive nationwide studies, such as the 2010 CEA study by OECD and the World Health Organization (WHO) ([@B42]) for Mexico and Brazil, used global evidence on intervention effectiveness rather than evidence specific to the Americas. Similarly, the WHO menu of cost-effective interventions on noncommunicable diseases given in Appendix 3 of the Global Action Plan for the Prevention and Control of Noncommunicable Diseases 2013--2020 ([@B43]) is based on the global evidence of intervention effectiveness, for the most part in developed countries ([@B44]), rather than region- or country-specific evidence.

Further information on effectiveness and on intervention efficiency as provided by SCBA, CEA, or CUA is needed. Currently, CEA/CUA evidence for LAC countries is extremely limited ([@B2], [@B4], [@B36], [@B45], [@B46]).

The importance of valuing the benefits of obesity treatment and prevention in monetary units has been recognized, particularly to enable multisectoral analyses. However, only a few examples of such valuations exist, including for the United States ([@B47]), Germany ([@B48]), and Taiwan ([@B49]). As for valuing benefits of healthy populations in general, several approaches have been offered ("full income," "value of lost output," and "value of life"), and their applications are emerging ([@B50]). Outside the health sector, guidance exists to incorporate and value health impacts using a diversity of methods within the SCBA framework, e.g., willingness to pay ([@B16], [@B51]).

Complementary economic evidence
-------------------------------

A limited number of projects worldwide have attempted to evaluate impacts of nutrition-related policies on GDP and economic sectors. Mukhopadhyay and Thomassin ([@B52]) studied the impact of changes in Canadians\' diet on Canada\'s export and import of meat, dairy products, and fruits and vegetables. The OECD ([@B53]) examined the impact of a reduction in sugar on the agriculture sector and trade. Srinivasan et al. ([@B54]) quantified and valued the consumption impact of implementing WHO dietary norms. A World Economic Forum (WEF) report ([@B50]) provides examples of case studies that applied an SROI approach, including a grant for nutrition improvement in Singapore and its effect on coronary diseases. With this nutrition grant, benefits in QALYs were monetized using GDP per capita.

These various complementary studies illustrate how a broader scope of analysis could provide evidence to inform obesity-related multisectoral intervention decisions.

Designing an intervention package
---------------------------------

Economic analyses of single interventions are useful, but they do not in themselves provide guidance for a national strategy for obesity prevention and control. To turn the rising tide of obesity, a comprehensive assessment of an intervention package in various settings and contexts is required, including potential synergies among chosen interventions and their scalability to a subnational or national level.

Several studies provide economic analysis of an intervention package at a national level with different degrees of methodological robustness. [Table 2](#t2){ref-type="table"} provides summaries of these studies ([@B42], [@B55]--[@B60]). These studies recognize that a package should include both population-level and targeted interventions. Targets usually include children, obese individuals, or populations with low socioeconomic status. Considered intervention packages include health education, regulation, fiscal measures, individual counseling, medical treatment of obesity, healthy eating, and physical activity interventions in schools and worksites. Typically, assessed interventions require significant upfront investments, but only achieve impact after several years, such that at least five years of experience is needed for them to reach an acceptable level of cost-effectiveness. Interventions with the most favorable cost-effectiveness ratio at the population level are outside health care ([@B42], [@B55], [@B56]). Individual-level interventions on their own may take decades to reach a favorable cost-effectiveness ratio due to difficulties in reaching a large proportion of the population. In contrast, interventions in the environments that shape obesogenic behaviors (e.g., food labeling) have a modest individual effect, but are societally cost-effective because a modest effect is aggregated over an entire population, and implementation costs are relatively low.

###### Economic analysis of comprehensive scalable packages of interventions for obesity prevention and control: summary of cost-effectiveness analysis (CEA) and cost-utility analysis (CUA) studies

  Project (reference(s))                                                                 Objective                                                                                                                                                                                                     Method                                                                                                                                                                                               Intervention type                                                                                                                                                                                                                                                                                                                                                                                                                                                                  Costs                                                                                                Benefits                                        Results                                                                                                                                                                                                                                                                                                                                                                                     Timeframe (yr)   Equity analysis                                                                                                    Intervention synergies[a](#TFN9){ref-type="table-fn"}   Other criteria for intervention ranking
  -------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------- ----------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------- ------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Obesity Prevention ([@B42])                                                            To evaluate cost-effectiveness of obesity prevention interventions in Brazil, Canada, England, India, Mexico, Russia, and South Africa and compare multi-intervention strategies with single interventions.   Generalized CUA based on Chronic Disease Prevention (CDP) Model by OECD/WHO                                                                                                                          Prevention packages, including physician counseling, mass media, school-based, worksite, fiscal policies, and regulation                                                                                                                                                                                                                                                                                                                                                           Implementation cost net of health care cost savings                                                  DALYs[b](#TFN10){ref-type="table-fn"}           Health education, regulation, fiscal measures, and physician counseling have favorable cost-effectiveness (CE) level. Multiple strategies bring the best effectiveness and do not jeopardize CE. Interventions with the most favorable CE are outside health care. Regulation of food advertising to children can be more effective and efficient than can school-based health promotion.   100              Yes (analyses by socioeconomic group are permitted by the model, but were not undertaken due to data limitation)   Yes                                                     POP,[c](#TFN11){ref-type="table-fn"} EFF,[d](#TFN12){ref-type="table-fn"} ST[e](#TFN13){ref-type="table-fn"} (assumptions embedded in the CDP model), UC[f](#TFN14){ref-type="table-fn"}
  ACE-Obesity (children and adolescents) and ACE-Prevention (Obesity) ([@B55], [@B56])   To assess evidence on effectiveness and cost-effectiveness of obesity prevention and treatment interventions in Australia.                                                                                    CUA based on epidemiological BMI-DALY transition model                                                                                                                                               ACE-Obesity: Thirteen interventions, mostly school-based, also childcare, primary care, hospital, and community-based; media and marketing. ACE-Prevention (Obesity): nine interventions, including nutrition labeling, unhealthy food tax, diet and exercise for adults. In both projects, interventions are classified under primary (e.g., education program) and secondary prevention (e.g., school-based program for obese children) and treatment (e.g., pharmacotherapy).   Implementation cost, including to parents net of health care cost savings, including carer\'s time   DALYs                                           Primary preventive interventions, including that target obesogenic environment, are cost-saving. Several cost-effective interventions for obesity treatments exist for both children and adults.                                                                                                                                                                                            100              Yes (stakeholders\' assessment)                                                                                    No                                                      AC,[g](#TFN15){ref-type="table-fn"} EFF, F,[h](#TFN16){ref-type="table-fn"} ST, UC, "side effects" (health, economic, environmental, etc.)
  ACE-Obesity NZ ([@B57])                                                                To evaluate evidence on effectiveness and cost-effectiveness of population-based initiatives to prevent obesity and related diseases in New Zealand.                                                          CUA, based on ([@B55], [@B56]); cohort simulation for BMI and disease risks, but no comorbidity.                                                                                                     Ten intervention scenarios selected for CEA based on intervention type (e.g., activity, education), and setting and population group (age, ethnic, general)                                                                                                                                                                                                                                                                                                                        Implementation cost net of health care cost offsets                                                  QALYs[i](#TFN17){ref-type="table-fn"}           General health screening as well as activity and behavior modification for primary school children (Switch-Play) are most CE. NZ-based interventions need evaluation for long-term outcomes.                                                                                                                                                                                                100              Yes (ethnic group scenarios)                                                                                       No                                                      EFF, F, UC
  CHOICES ([@B58])                                                                       To assess evidence on effectiveness, cost-effectiveness, and the reach of interventions to reduce childhood obesity in the United States.                                                                     CUA, based on ([@B54]), Markov cohort microsimulation for cost and BMI change.                                                                                                                       A tax on sugar-sweetened beverages; a subsidy reduction of targeting children ads of unhealthy products; a state policy increasing physical activity at schools; and a state policy on sedentary behavior and nutrition in child educational settings.                                                                                                                                                                                                                             Implementation costs                                                                                 Net costs or BMI, QALYs, and DALYs for adults   Over 2015-2025, three out of four interventions will bring net savings over 10 years. Great variation in cost-effectiveness and reach as interventions are scaled up to national level.                                                                                                                                                                                                     2 and 10         Yes (stakeholders\' assessment)                                                                                    No                                                      POP, EFF, UC, F
  McKinsey Global Institute ([@B59])                                                     To catalog interventions and develop initial assessment of their cost-effectiveness, and assess scaling up for the United Kingdom.                                                                            CUA, effectiveness evidence is rated                                                                                                                                                                 44 interventions chosen                                                                                                                                                                                                                                                                                                                                                                                                                                                            Implementation costs                                                                                 DALYs                                           A package of interventions is required to fight obesity. Almost all are cost-effective. A global investment to address obesity is only one-quarter of obesity burden.                                                                                                                                                                                                                       100              Yes                                                                                                                Yes                                                     EFF, SC[j](#TFN18){ref-type="table-fn"}
  Pricewaterhouse Coopers Australia ([@B60])                                             To assess a cost of obesity in Australia and present analysis of costs and benefits of intervention package by obesity class.                                                                                 Cost-savings analysis based on a high level literature scan. Costs include that to health care sector, selected productivity losses, and taxes forgone, using bottom-up approach by obesity class.   A large set of interventions (personal, education, environment, and medical) (from ([@B55], [@B56], [@B59])) based on cost-effectiveness, feasibility, and strength of evidence.                                                                                                                                                                                                                                                                                                   Implementation costs from the literature and expert opinion                                          Savings in costs and government subsidies       A package of intervention breaks even after 6 years, positive benefit/cost ratio of 1.7 discounted to 2015 (from 2025). Obesity class 2 benefits the most, and obesity class 1 the least.                                                                                                                                                                                                   10               Yes (analysis by obesity class)                                                                                    No                                                      EFF, F

Source:
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Were intervention synergies analyzed in a study? Intervention synergies refer to a cumulative benefit of an intervention package being greater than a sum of benefits from the same interventions implemented separately.

DALYs = disability-adjusted life years.

POP = population reached.

EFF = evidence on intervention effectiveness reviewed systematically.

ST = sustainability/durability of intervention effect.

UC = uncertainty over the intervention effect is modeled.

AC = acceptability of interventions by stakeholders.

F = feasibility of implementation is considered.

QALYs = quality-adjusted life years.

SC = scalability of an intervention to a national level.

A diverse package of complementary population-level interventions in obesogenic environments offers the most promising investment scenario for most country contexts. To support this, however, more evidence of a long-term effect of population-level interventions is needed. Further, global tobacco control experience shows that comprehensiveness and synergies are crucial for effectiveness ([@B61]). However, most integrated assessments for obesity action consider an overall effect of an intervention package as a sum of individual intervention effects, without consideration of cross-effects or synergies. We found only one study ([@B42]) that formally modeled a synergy effect.

Even if an intervention is effective at preventing obesity at reasonable cost (cost-effectiveness), other criteria influence decision-making. As preventive interventions are aimed at having a long-lasting effect, the majority of studies in [Table 2](#t2){ref-type="table"} assess sensitivity of CEA results to the sustainability of an intervention effect. Also, the CEA/CUA-based studies in [Table 2](#t2){ref-type="table"} apply criteria of equity, acceptability to stakeholders, feasibility of implementation, and scalability of interventions to a national level. Formal quantitative applications exist to incorporate these criteria in economic analysis (e.g., in the ACE study ([@B56]), a CEA was undertaken specifically for indigenous populations), or to apply afterwards. In most instances, however, when other criteria were formally considered, it was in the form of a qualitative assessment by a stakeholder committee. It is noteworthy that guidelines in areas outside health (such as with environment and public service programs) suggest clear, explicit approaches to incorporate equity into analysis ([@B16], [@B51]).

DISCUSSION
==========

The landscape of studies concerning the investment case for obesity is dominated by CEA/CUA. Some of these analyses are broader than others in terms of the number of interventions assessed and the criteria for intervention ranking. Significant methodological differences across the studies that we reviewed (even among CUAs/CEAs) prevent a comparison of results. Thus, studies that assess a variety of interventions using the same approach are the most useful. Among CUAs that analyzed packages of intervention for national contexts, some analyses, such as Cecchini et al. ([@B42]) and ACE-Obesity ([@B56]), are based on rigorous epidemiological models incorporating uncertainty. Other CUA studies, such as McKinsey Global Institute ([@B59]), rely on intervention evidence from systematic reviews or from comprehensive studies. Several LAC countries have launched comprehensive packages of antiobesity interventions ([@B4], [@B62]). However, the evidence on these interventions\' effectiveness is sparse, and economic analyses of the packages as a whole, including their synergetic effect, are as yet limited.

The scope of an investment case for obesity prevention and control is large, and many methodological and evidence gaps exist. Moving forward will require a concerted effort of researchers, evaluators, and surveillance experts. In the process of developing intervention and research projects, early involvement by economists and other social scientists is needed in order to collect relevant economic data and ensure rigorous economic analysis. [Table 3](#t3){ref-type="table"} summarizes two things: 1) gaps in current methods and evidence that impede the development of comprehensive investment cases for obesity prevention and control and 2) ways forward ([@B8], [@B42], [@B56], [@B63]).

###### Considerations and ways forward in methods and evidence for economic analysis of obesity prevention and control

  Considerations                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Ways forward
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Methods                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Quality-adjusted life years (QALYs) do not capture what nonhealth stakeholders value in health improvements. Given that obesity policies often concern nonhealth sectors, this is, at present, an important weakness of a cost-effectiveness and cost-utility analyses (CEAs/CUAs) as applied to public health.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Develop consistent approaches to value benefits of interventions in a common currency acceptable to all sectors of the economy. Two approaches to valuing statistical life (VSL) are common and can potentially be adopted for valuations of antiobesity interventions, and public health interventions, in general. These are revealed preferences and contingent valuation approaches.
  QALY metrics focus on the at-risk individual. Obesity, particularly childhood obesity, and related interventions often impact families and other caregivers. These effects are not currently captured by QALY metrics and are generally not accounted for in CEA/CUA.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   Incorporate effects on families and other caregivers (as applicable) into intervention benefits.
  Impacts on socioeconomic and other inequalities have been recognized as important criteria when ranking interventions. Currently, distributional consequences of an intervention and how it impacts various population groups are, with few exceptions (e.g., ([@B56])), rarely accounted for. Improvements in terms of QALYs are assumed to be the same across the whole population, and QALY metrics are based on the general population.                                                                                                                                                                                                                                                                                                                                                                                             Develop approaches to incorporate equity considerations into investment cases for obesity.
  A need for a transparent ranking based on chosen criteria, beyond effectiveness and efficiency of an intervention package, has been identified by several comprehensive studies (e.g., ([@B42], [@B56])).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Develop new or modify existing approaches to consistently rank interventions upon chosen criteria. These could then provide a foundation for an integrated investment case model that draws epidemiological outcomes from existing models, applies economic (efficiency) considerations, and ranks interventions according to specified criteria.
  QALYs are computed on a life-time basis, but the evidence on effectiveness of interventions is often short term.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Due to the fact that benefits of most obesity interventions occur over a long time, trial-based studies with a short-term follow-up need to be supported either by a longitudinal cohort study or a modeling framework, which simulate long-term epidemiological outcomes of interventions. This permits accounting for long-term benefits of interventions on obesity, as well as assessing how uncertainty in the sustainability of the benefit affects CEA results.
  Recent advances in behavioral economics have implications for a conceptual framework of social cost-benefit analysis (SCBA) and its applications ([@B8]). Behavioral economics is exploring the behavioral implications of relaxing various traditional assumptions about individual choice. When individuals\' preferences for products or activities, risk aversion, or discount rates are not constant through time, traditional discounting of future net social benefits under SCBA can give incorrect results. For example, QALY calculations are not consistent with hyperbolic discounting by an individual. (Hyperbolic or "present-based" discounting refers to preferences for immediate gratification or to extreme short-term aversion to risk, where the discount rate drops sharply when looking at the long horizon.)   How the two discounting rates can be reconciled is an open area of research ([@B8]).
  Many observational studies, particularly in the past, have been measuring associations rather than causal effects, e.g., between physical activity and body mass index (BMI). It is clear that the attribution of the effect is required to appropriately measure the effect of various factors and of interventions on obesity and health.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Various techniques, including lagged variable and instrumental variable approaches, exist to devise a causal effect. For example, these have been applied in studies examining the effect of BMI on individual\'s wages ([@B63]).
  Evidence                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
  Globally, including in Latin America and the Caribbean (LAC), epidemiological data and economic data are both limited, which impedes economic analyses and evidence-based policy planning.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              Improve data and data collection infrastructure to enable evidence on: 1) health risks over time; 2) health care and other costs associated with living with a particular disease and comorbid conditions; 3) effectiveness of interventions in isolation or as comprehensive packages for specific countries/regions; 4) sustainability of intervention effects over time; 5) cost-effectiveness of interventions.
  Cumulative effects of multi-intervention strategies could be very significant. However, little evidence exists on synergies. Most estimates of impact are calculated as a sum of effects of individual interventions.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   As countries introduce packages of interventions, economic analyses have to take account of the synergetic effect of the package and take care in the attribution of an observable effect to a particular intervention from the package.
  In several LAC countries, evidence on economic costs of obesity is scarce or estimates vary widely.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Expand economic analysis and methods to capture broader costs of obesity, including costs to various economic actors and types of costs (e.g., health care, productivity, to human capital).
  Economic evidence emerges on the impact of nutrition-based policies, as shown in [Table 2](#t2){ref-type="table"} (complimentary analyses). Economic analyses of industrial policies that have significant effect on access and availability of healthy and unhealthy foods are needed.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Expand economic analysis of industrial policies that have significant health effects, e.g., agriculture, agri-food, and trade policies.
  It has been recognized that various interventions have to be implemented in concert to have a significant effect. The list of interventions should be broad enough for various actors to choose from to implement in their particular context.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Expand the potential list of policies/instruments (and research on their effectiveness) to include: 1) incentives provided by various nonhealth policies and regulations, e.g., workplace policies; 2) policies and regulations at macro, micro, regional, and local levels; and 3) behavioral incentives (such as commitment mechanisms), changing defaults, and simplifying information (e.g., front-package traffic-light labeling) to make healthy choices easier.

Source:

Prepared by the authors based on their literature review.

On the methodological side, developing applications of existing methods for the monetary valuation of benefits will be essential to gain multisectoral support for obesity prevention and control. Although we found no studies that monetized health and other benefits of a comprehensive intervention package to address obesity, valuations of benefits from reduced obesity have been attempted ([@B47]--[@B49]), and associated methods are part of government agencies\' guidelines for economic analyses ([@B16], [@B51]).

The subsection above on designing an intervention package outlines criteria other than economic efficiency that are important for decision-making. Among these are equity considerations, including the impact on the most vulnerable populations; feasibility and scalability of an intervention at a population level; and acceptability to various stakeholders. Transparent and consistent approaches for integrating these considerations into an investment case are required to improve decision-making and gain multisectoral buy-in. Here, guidelines and practical applications used by other sectors could be helpful for developing approaches with broad acceptance.

On the evidence side, progress is impeded by a lack of data and data infrastructure. This is shown not only by limited economic analyses of strategies implemented to address obesity throughout the Americas, but also by a paucity of evidence on intervention effectiveness in general, and on the cost of obesity to economies within LAC in particular. Evidence needs to be expanded to include prospective and retrospective economic evaluation of intervention packages, and to incorporate the broader costs of obesity, including impacts on diverse economic actors. While there may be opportunities for researchers to better utilize existing datasets, national authorities will likely need to invest in integrating economic data into public health surveillance infrastructure or surveys, including linkage or collection of new economic data, to support evidence-based policies. In the interim, countries can learn and extrapolate from their regional neighbors and adapt successful interventions to their context.

In practice, an investment case will differ from one jurisdiction to another, based on the perspective of analysis and the data in hand. Moreover, the choice of the most effective policy suite for a specific national context will be determined by a number of factors. These include the country-specific epidemiological profile, structure of the economy, dependence on trade, evidence on market failures, and distributional issues.

**Suggested citation** Milliken OV, Ellis VL, Development of an investment case for obesity prevention and control: perspectives on methodological advancement and evidence. Rev Panam Salud Publica. 2018;42:e62. <https://doi.org/10.26633/RPSP.2018.62>

**Funding.** The authors are employees of the Government of Canada.

**Disclaimer.** The views expressed in this manuscript do not necessarily reflect those of the Government of Canada, and may not necessarily reflect the opinion or policy of the *RPSP/PAJPH* or *PAHO*.

This paper has been facilitated by a discussion at a thematic working group virtual meeting and comments from participants of the in-person meeting on Advancing Economics for Prevention and Control of Noncommunicable Diseases in the Americas organized by PAHO in 2016. The authors thank John Cawley, Michele Cecchini, guest editors, and anonymous referees for their valuable comments.

[^1]: **Conflicts of interest.** None declared.
